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Abstract- The description of a digital ecosystem as a "loosely 
coupled, demand-driven, domain clustered, agent-based, self 
organised, collaborative environment where agents form 
temporary coalitions for a specific purpose or goal, and each is 
proactive and responsive for its own benefit" has intriguing 
similarities with the definition of an ecosystem in ecology. 
Perhaps the similarities suggest that a deeper understanding of 
ecology may benefit the further development of ICT, and any 
differences may therefore represent cautionary tales. In this 
presentation, I describe characteristics of some ecological systems 
at several levels - from species to ecosystem - and speculate on 
the potential of these examples to catalyse innovation in ICT. 
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I. INTRODUCTION 
Mixing of disciplines can lead to a richer understanding of 
both, and perhaps foster innovation. Although cross 
fertilisation across very disparate fields might seem unlikely, 
the challenge of seeing ones own field through different eyes 
can reveal inconsistencies and highlight biases that were not 
previously obvious. 
For example, Feinsinger et al. [1] applied statistical 
techniques that had been developed to assess the importance of 
competition as a process in organising ecological communities 
to analyze whether composition might have been an organising 
force in the writing of Bach's first Cello Suite. This analysis 
revealed some shortcomings in the analytical tools being used 
in what was then a heated debate in ecology, significant biases 
in both camps in the debate, and a richer understanding of 
competition theory. 
The digital ecosystem is defined by IEEE, in the 
introduction to this conference, as: "an open, loosely coupled, 
demand-driven, domain clustered, agent-based, self organized 
collaborative environment." Within this environment, 
"species/agents form a temporary coalition (or longer term) for 
a specific purpose or goals, and everyone is proactive and 
responsive for its own benefit or profit." 
This definition contains a number of terms and concepts 
that have deliberate parallels in ecology. According to the 
Digital Ecosystems and Business Intelligence Institute at 
Curtin University (www.debii.curtin.edu.aulabout/digital­
ecosystems-des.html): "Digital ecosystems capture the essence 
of the classical, complex ecological environment in nature, 
where organisms form a dynamic and interrelated complex 
ecosystem. They conserve and utilise the environment and its 
resources. This analogy is a new mind-set and way of thinking 
in the Digital Economy." 
Some parts of this analogy with ecological systems suggest 
a superficial understanding of community and ecosystem 
ecology, which should be corrected, in the interests of creating 
a broader knowledge of ecology among academics and 
professionals in the electrical and computer sciences, 
engineering and related disciplines. Furthermore, in relation to 
this conference in particular, a more thorough understanding of 
the ecosystem concept in ecology and the processes 
underpinning it may reveal opportunities for further innovation 
in digital ecosystems. 
The main aims of this paper are to explain the history of the 
concept of the ecosystem in ecology and to explore the 
similarities and difference between our current understanding 
of ecosystem structure and function and the concept of the 
'Digital Ecosystem". 
II. THE ECOSYSTEM 
An ecosystem consists of the biological community that 
occurs in a particular location, and the physical and chemical 
components and processes that make up its abiotic 
environment. Although the first use of the term 'ecosystem' is 
attributed to the British ecologist AG. Tansley in the 1930s 
[2], the concept was championed particularly by Eugene 
Odum, in the US [3]. Ray Lindeman [4, 5], a brilliant young 
ecologist who died at the age of 27, is credited with bringing 
together an understanding of how individual species interact 
with each other and the implications of these interactions for 
energy flow - an emergent property of the system as a whole. 
As a result of the Lindeman's seminal paper [4], the 
modem focus of ecosystem ecology has been on understanding 
how the system operates and how biological interactions might 
influence system-level processes [6]. The functional aspects of 
an ecosystem include the amount of energy that is brought into 
the system by photosynthesis, where the energy and materials 
are stored at any one time, the pathways along which energy 
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and materials flow along the many links in biological food 
chains, and what controls both the rates of flow of energy and 
materials between these compartments and their rates of loss 
from the system as a whole. Thus energy transformations and 
biogeochemical cycling are the main processes operating in an 
ecosystem - mediated through the functions and behaviours of 
living organisms. 
Ecosystems may therefore be represented as more or less 
open systems, with a major biological component and a 
geochemical component, in which energy and materials are 
contained in pools of various sizes and flow between these 
pools at various rates. Major questions in ecosystem ecology 
relate to the sizes of the pools and the factors (both internal and 
external to the system) that may control the rates of flow 
between them. 
A question of relevance for understanding digital 
ecosystems may be clarifying whether there are analogies for 
each of these components of ecosystems and processes 
operating within them - and whether new perspectives might 
emerge from a more thorough knowledge of ecosystem 
SCIence. 
As an aside, there is another interesting aspect to the 
Lindeman story, which relates to the importance of having 
insightful and courageous editors in the publication process. 
Lindeman's manuscript "The trophic-dynamic aspect of 
ecology" was initially rejected by the leading international 
journal Ecology, after very negative reviews by two leading 
limnologists. The editor was swayed by the potential for the 
new concept being introduced by Lindeman and accepted the 
paper, despite the negative reviews, arguing that "time is a 
great sifter in these matters and it alone will judge the 
question." [5, 7] 
III. ECOLOGICAL SYSTEM VS DIGITAL ECOSYSTEM 
There are clearly similarities between the ecosystem in 
nature and the characteristics of the digital ecosystem defined 
above. Within the biological component of the ecosystem, 
species form temporary coalitions (into 'guilds' or 
communities), and an individual species will be operating for 
its own benefit or profit. These interactions between species 
result in an open, loosely coupled ... self organised entity, 
which has a number of emergent properties. 
In the following sections, I use some of the key components 
of the descriptions of 'digital ecosystems to explore some of 
the characteristics of natural ecosystems that may be of 
relevance to the further development of digital ecosystems. 
A. Open vs Closed Systems 
An ecosystem does not have a clear boundary. For 
convenience, we refer to a 'forest ecosystem', a 'grassland 
ecosystem', a 'marine intertidal ecosystem' or a 'lake 
ecosystem', but the boundaries separating a particular system 
from its neighbour can be very challenging to determine, 
because they are diffuse and permeable. They are therefore 
clearly 'open systems'. Even the most circumscribed, such as 
the lake ecosystem studied by Lindeman [4], can hardly be 
treated as closed. Energy is coming in to the system in the form 
of sunlight, and the extent to which it is captured depends on 
the primary producers (plants) in the system. Precipitation and 
airborne dust bring nutrients and other materials in to the 
system. The characteristics of the herbivorous and predatory 
species in the system will determine the magnitude of exports 
of both energy and nutrients from the system. This is caused by 
individual animals moving beyond the system's physical 
boundaries and into other systems. For example, the annual 
spawning migration of salmon from the ocean, up rivers, and 
into Canadian lakes has been shown to be a major source of 
import of various nutrients; 3 million kg of nitrogen and 0.36 
million kg of phosphorus annually to the Columbia River 
ecosystem [8]. 
The point of relevance to digital ecosystems is that the 
permeability of a natural ecosystem to the export and/or import 
of energy and materials will depend on the nature of the 
'architecture' of the components of the system, and 
characteristics of individual species within in the biological 
component. You might ask how analogous parts of a digital 
ecosystem might affect the whole system. 
B. Loose Coupling vs Tight Regulation 
There has been much debate in ecology about the tightness 
of interactions between species in the biological component of 
an ecosystem. If a species were to 'breed up', such that its 
population size increased, would there inevitably be either self­
regulation through increased competition for limited resources 
or external regulation by a numerical or functional response by 
predators? Ecological research suggests that populations 
typically overshoot the carrying capacity of their environment, 
causing population crashes and predator-prey population 
oscillations are common - rather than tight regulation. 
If a species were to be lost from the system, would its 
function (in terms of trophic relations or contribution to 
nutrient and energy flows) be replaced by another, similar 
species - i.e. is there redundancy within an ecosystem? 
Research suggests that there is no simple generalisation. 
Predator species can switch their preferences for prey species 
when the previously favoured food species becomes relatively 
rare, providing support for the redundancy concept and fuelling 
the somewhat romantic and pervasive, though superficial, view 
that there is a 'balance of nature' [9]. 
In fact, declines in populations of some species have been 
shown to cause massive changes in the ecological community 
(with obvious implications for flows of energy and materials). 
Such species have been described as 'keystone species' 
because of the the disproportionate effect they can have on 
community structure and function in an ecosystem, relative to 
their biomass. [10, 11, 12] 
For example, Estes and Palmisano [13] described the 
important role sea otters play in the coastal ecosystems of the 
Pacific north-west of the US. Sea otters feed on sea urchins, 
which in tum feed on the holdfasts of large kelps. By limiting 
sea urchin populations, sea otters maintain kelp beds, which 
provide food and physical structure for fish and many other 
animals. Thus, sea otters are a keystone species because, 
despite their low abundance, they maintain the massive 
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biomass of kelp, thereby maintaining a large suite of other 
specIes. 
It might be worth exploring the concept of 'keystone 
species' in digital ecosystems, based on an understanding of 
the importance of keystone species in the community ecology 
and the fact that they can have a disproportionate effect on the 
whole system. 
C. Demand-driven vs Supply-driven (push' vs pull ') 
On the face of it, this contrast may not seem to apply 
readily in ecological systems, because there are no forces in 
nature equivalent to external 'design'. While the intricate and 
complex patterns of nature may seem to imply 'intelligent 
design', in fact they are the product of evolution by natural 
selection, with natural and often stochastic processes selecting 
from a palate of random variation [14]. 
To this extent, the structure of an ecological community 
and the processes operating in it must be viewed as 'demand­
driven'. However, the fast-developing field of restoration 
ecology [15] focuses on the engineering of ecosystems to meet 
particular goals, such as recreating some pre-disturbance 
species composition, re-establishing key processes, or 
providing particular ecosystem services (for humans) [16]. 
Success in such endeavours clearly requires an understanding 
of ecological processes in natural systems, where ecological 
processes and ecosystem structure develop in what might be 
viewed as a 'demand-driven' environment. 
The relevance to digital ecosystems of understanding the 
current development of theory in restoration ecology may lie in 
the fact that effective restoration requires that goals are clearly 
defined and the best possible interventions and regulations 
( 'push') can be prescribed. In the face of scant knowledge, few 
precedents, and therefore substantial uncertainty about likely 
outcomes, prescriptions need to be informed by current 
understanding of how structures and processes have developed 
in natural systems (demand-driven). 
D. Self-organisation 
Self-organisation is a process through which the internal 
organisation of an open system increases in complexity without 
being guided or managed by an outside source. Characteristics 
that promote self-organisation include positive feedback, 
negative feedback, a balance of exploitation and exploration, 
and multiple interactions. 
Ecosystems have been described as self-organising 
systems, based principally on the existence of feedback 
processes (mostly negative feedback) and the fact that there are 
multiple interactions. It has been argued that high species 
diversity confers functional resilience, especially when 
environmental conditions are changing [17], because of 
redundancy (more than one species is available to provide a 
particular function � see above) and complex linkages 
providing multiple pathways for flows of energy and materials. 
We know that the composition (numbers and identities of 
species) of ecological communities varies according to 
environmental conditions, but we don't have a clear 
understanding of how particular assemblages of populations, 
species and communities influence overall ecosystem function 
in a changing environment nor an understanding of the 
thresholds of diversity that would allow particular ecosystem 
functions to be maintained. 
For digital ecosystems, it would be worth exploring the 
degree to which the diversity and complexity of the system, 
and the number of links within it, might confer resilience and 
whether 'diversity' might be a property of functional 
significance � indeed, how might 'diversity' be defined in a 
digital ecosystem. 
E. Conservtion and utilisation of the environment 
It is argued above that one similarity between digital 
ecosystems and ecological systems is that "they conserve and 
utilise the environment and its resources." Clearly, utilisation 
of resources within the environment is fundamental to 
ecosystems because the biological component draws its energy 
primarily from sunlight and nutrients from inorganic sources 
(precipitation and weathering). 
The concept of 'conservation' is more difficult to assess. 
Effective nutrient cycling processes certainly help to retain 
materials within the system and thereby limit the rate of 
depletion from the system at or below the rate of input. Energy, 
however, is inevitably lost. 
The term 'conservation' can carry an implication of 
teleology. Components of ecosystems cannot be thought of as 
being 'conservationist' in this way; the degree to which 
materials might be retained within the system is a simple 
consequence of the ecological processes operating at the time. 
The concept of 'conservation of the environment' is 
questionable in ecology and its utility in helping to define or 
understand a digital ecosystem is therefore even more 
challenging. 
F. Collaborative vs Competitive 
Can the biological components of an ecosystem be thought 
of as collaborative? I argue that this is generally not going to be 
the case, because collaboration is also a teleological concept. It 
implies a process designed to achieve a defined goal, and 
neither evolution nor ecosystem structure operates in this way. 
Competition has long been viewed as one of the strongest 
and most pervasive forces in ecology, responsible for the 
evolution of many characteristics of organisms: "Natural 
selection, and hence the evolutionary process, are the outcome 
of competition; and therefore are governed by density­
dependent factors." [18]. More recently, there has been 
recognition of the importance of non-equilibrium processes in 
determining the structure and function of ecological systems 
[19]; stochastic events such as droughts, storms, floods. An 
active debate in ecology surrounds the relative importance of 
non-equilibrium and stochastic processes vs deterministic, 
equilibrium processes in determining ecological and 
evolutionary outcomes. 
In one respect, however, there is clear collaboration in 
nature, contained in the many examples of mutualisms and 
symbioses. Perhaps the most obvious is the plant-pollinator 
105 
4th IEEE International Conference on Digital Ecosystems and Technologies (IEEE DEST 2010) 
© 2010 IEEE. 
interaction [20]. While it is true that the food (usually nectar 
and pollen) provided by flowers is critical to the survival of the 
animal pollinators, and that the plant would be unable to 
reproduce effectively without the services of the pollinator, the 
details of the relationship can be much less 'mutualistic'. Seed 
set by a plant would be maximised if its flower visitors visited 
many plants of only its own species (thus minimising transfer 
of pollen to and from the wrong species) and didn't stay too 
long at any one plant (thus maximising cross-pollination 
between genetically different individuals). The energy and 
nutrient balance of the pollinator, however, is maximised by 
moving as little as possible between plants and visiting flowers 
every species that IS producing nectar and/or pollen in the 
vicinity. 
Perhaps the message for digital ecosystems here is that 
behaviour that looks to be cooperative on the face of it, might 
be underlain by a complex set of selfish motivations! 
IV. CONCLUSION 
The concept of a 'digital ecosystem' clearly has its origin in 
a common understanding of the structure and function of 
ecological systems. I show that this analogy is based on a 
superficial knowledge of ecosystems and that a deeper 
understanding of the ecosystem concept in ecology is needed. 
In particular, I argue that a greater understanding of the current 
state of knowledge in ecology of the structure and function of 
ecosystems might provide insights that lead to further 
innovation in the digital world. 
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